Exposure to adverse childhood experiences (ACEs) is associated with increased odds of high-risk behaviors and adverse health outcomes. This study examined whether ACE exposure among individuals living in rural areas of the United States is associated with adult activity limitations, self-reported general poor health status, chronic diseases, and poor mental health. Data from the 2011 and 2012 Behavioral Risk Factor Surveillance System (BRFSS) (N=79,810) from nine states were used to calculate the prevalence of ACEs in rural and urban areas. ACE scores were determined by summing 11 survey items. Multiple logistic regression was used to examine the association between ACE scores and health outcomes, including self-reported general health status, chronic diseases, and health-related quality of life. Approximately 55.4% of rural respondents aged ≥18 years reported at least one ACE and 14.7% reported experiencing ≥4 ACEs in their childhood, compared to 59.5% of urban residents who reported at least one ACE and 15.5% reporting ≥4 ACEs. After adjusting for sociodemographic covariates, compared to rural respondents who never reported an ACE, rural respondents who experienced ≥1 ACEs had increased odds of reporting fair/poor general health, activity limitations, and heart disease, which is consistent with previous studies. The odds of experiencing a heart attack were higher for rural residents reporting 2 and ≥4 ACEs; the odds of diabetes were higher for those with 3 ACEs; and the odds of ever having asthma or poor mental health was higher for those with ≥3 ACEs. Although individuals in rural areas are less likely to experience ACEs, over half of rural respondents reported experiencing an ACE in childhood. Programs aimed at preventing ACEs, including child maltreatment, can benefit rural areas by reducing adult morbidity and increasing quality of life.
Introduction
Adverse childhood experiences (ACEs) are childhood abuses and household disruptions experienced before the age of 18 that includes exposure to mental illness, substance abuse, imprisonment, separation or divorce, adult violence, physical abuse, and sexual abuse [1] [2] [3] . Studies have shown that, compared to individuals who have never reported an ACE, individuals who experienced ACEs are at increased odds of high-risk behaviors such as binge drinking, risky sexual behavior, and smoking as well as adverse health outcomes such as premature death, diabetes, stroke, depression, fair/poor health, myocardial infarction, asthma, disability, severe obesity, mental distress, and ever having a sexually transmitted disease [1, [3] [4] [5] . Moreover, exposure to one ACE can increase the odds of exposure to additional ACEs, indicating a relationship among other ACE exposures [6] . According to a recent study, over half of rural residents reported one or more ACE exposures, but after adjusting for sociodemographic factors, the odds of experiencing high ACE scores were not significantly different between urban and rural groups [2] . An early influential CDC-Kaiser Permanente adverse childhood experiences (ACE) study developed a conceptual model outlining the impact of ACEs on development of an individual from conception to death, influencing neurodevelopment, development of health-risk behaviors, and poor health outcomes later in life ( Figure 1 ) [5] . The objective of this study is to determine whether ACE 2.2. Measures. Exposure to ACES was the primary independent variable in our study and is defined by the BRFSS ACE module through 11 questions: (1) Respondent answers for the each of the ACE questions were summed and then categorized into five ACE-score categories: 0, 1, 2, 3, and ≥4. The dependent variables included activity limitation, general health status, number of poor mental health days (a health-related quality of life outcome), and whether or not respondents were ever told by a health professional that they had any of the following conditions: diabetes, stroke, heart attack, angina or coronary heart disease, and asthma. The respondents were classified as having poor mental health if they had 14 or more days of poor mental health during the past 30 days, including stress, depression, and problems with emotions. The covariates included age, sex, race/ethnicity, veteran status, marital status, education, and family income. All variables were measured as shown in Tables 1 and 2 .
Statistical Analysis.
Prevalence estimates for sociodemographic characteristics were computed by geography and by ACE score-categories using survey sampling weights that took into consideration the complex survey design of the BRFSS. Chi-square statistics were used to examine differences in ACE scores by sociodemographic characteristics. Logistic regression was used to examine the relationship between health outcomes and ACE scores in rural and urban areas separately, controlling for relevant socio-demographic variables. Sociodemographic variables that were included in the model had a p value less than 0.25 in the bivariate analysis. A p value of <0.05 was considered to be statistically significant. Analyses were conducted by using SAS 9.3 [10] and SUDAAN 11.0.1 [11] . Rural areas had significantly higher percentage of individuals without ACEs (i.e., with 0 ACE scores) (44.7%) compared with individuals living in urban areas (40.5%) [ Figure 2 ]. Similarly, rural areas had lower percentage of individuals with ACE scores ≥4 (14.7%) compared with urban areas (15.5%) ( Figure 2 ). The most prevalent ACE component for both rural and urban respondents was "being sworn at, insulted, or put down by parents or adults in the home" (31% versus 33% once/more than once), while living with alcoholic or problem drinkers and experiencing parental separation/divorce were the second and third most common responses for rural and urban areas (Table 1) .
Results
A higher ACE score in rural areas was significantly associated with older age, being female, being an ethnic minority, being divorced/never married/unmarried, having less education, lower income, and being out of work/unable to work (Table 2 ). Increasing ACE score was indicative of increasing prevalence and odds of activity limitations, fair/poor health, ever having a heart attack diagnosis, ever having angina or coronary heart disease, ever having had asthma, and poor mental health for urban and rural areas (Table 3 ). More specifically, exposure to one, two, three, and ≥4 ACEs in rural areas was significantly associated Ever Diagnosed with Heart Attack (ref=no heart attack) Unadjusted Prevalence with greater odds of activity limitation due to physical, mental, or emotional problems, general health rated as fair/poor, and ever having had angina or coronary heart disease.
Compared to those who did not experience any ACEs, those experiencing 3 and ≥4 ACEs had, respectively, 1.9 and 2.7 times higher adjusted odds of reporting activity limitation. Those who experienced ≥4 ACEs had 2.0 times higher adjusted odds of rating their general health status as fair/poor than those who did not experience any ACEs. Compared to those who did not experience any ACEs, those experiencing 3 and ≥4 ACEs had, respectively, 1.5 and 2.4 times higher adjusted odds of coronary heart disease.
Those reporting 3 ACEs in rural areas had 36% higher adjusted odds of having diabetes than those who did not report experiencing any ACEs. Rural respondents experiencing 3 and ≥4 ACEs had, respectively, 62% and 90% higher adjusted odds of poor mental health compared to those reporting no ACEs. Rural respondents who reported 2 and ≥4 ACEs had, respectively, 35% and 94% higher adjusted odds of ever diagnosed with a heart attack than those reporting no ACEs. A somewhat similar but more pronounced association between higher ACE score and health outcomes was seen in urban areas compared to rural areas. In urban areas, activity limitation, fair/poor general health status, ever being diagnosed with diabetes, ever having a stroke, ever having a heart attack, ever having angina or coronary heart disease, ever having asthma, and poor mental health were all significantly associated with ≥4 ACEs (Table 3) . One difference between rural and urban associations was that urban areas had a more consistent dose-response effect of ACEs on ever having diabetes and ever having asthma than rural areas.
Discussion
The results indicate that a greater dose of ACE exposure corresponds to increased odds of an adverse health outcome after controlling for a number of sociodemographic variables. A dose-response relationship is present as an increasing ACE score corresponds to higher likelihood of fair/poor general health, poor mental health, activity limitation, and chronic disease morbidity for both rural and urban areas. Results of this study are consistent with previous studies that indicate significant associations between exposure to ACEs and physical health outcomes (e.g., respiratory disease, cardiac disease, cancer, and mental health) [12] [13] [14] [15] . The distribution of ACE score from 0 ACEs to ≥4 ACEs in rural areas is similar to the study conducted by Maine Rural Health Research Center (MRHRC) [2] . In this study, 55.4% of rural adults had at least 1 ACE exposure, while the study conducted by MRHRC found 56.6% of rural adults with at least 1 ACE exposure. Dose-dependent relationship that was observed in our study corresponds with previous literature that also found an association between amount of exposure between adverse experiences and risky behaviors and increased likelihood of disease conditions [1, 3, 5] . An adverse experience such as abuse, whether is physical or sexual, and neglect can have an impact on adult emotional and behavioral health, increasing odds of suicidal thoughts as well as suicide attempts, anxiety, depression, issues with creating and maintaining healthy intimate relationships, illicit drug use, as well as delinquency and adult criminality [16] [17] [18] [19] [20] . This is a seminal national rural study that examines a broad range of health outcomes that include general health status, mental health problems, chronic diseases, and activity limitation, many of which were not analyzed in relation to ACEs in previous smaller-scale studies.
Limitations.
One of the limitations of this study is that the ACES module was optional for states, so not all states participated. Since the sample is drawn from states that do not contain large urban areas, comparisons between urban and rural areas may not be valid between rural areas and states with large cities (e.g., California, New York, and Texas). Secondly, this study is a cross-sectional study; therefore, causality cannot be established between the independent and dependent variables. However, the fact that ACEs occurred in childhood indicates a temporal relationship between ACE exposure and health outcomes measured as of the survey date. Thirdly, the BRFSS includes self-reported questions, which can introduce possible recall bias, particularly regarding events that occurred in childhood. A bias between young and older respondents may occur as younger respondents may have an easier time recalling events that occurred in childhood. Fourthly, although the ACE measure itself captures number of adverse events, it does not measure other nuances such as amount of exposure to specific adverse events during childhood. Lastly, although the ACE measure used in our study is fairly comprehensive and consists of 11 different survey items, the variables making up the ACE measure are equally weighted. A factor-based ACE index that differentially weights various ACE components might be a better methodological approach, which should be explored in future research.
Conclusions.
In this study, using a large, nationally representative sample survey, the BRFSS, we found marked effects of adverse childhood experiences on a number of health outcomes (e.g., self-assessed general health, mental health, activity limitation, heart disease, stroke, diabetes, and asthma) among adults aged ≥18 years living in both rural and urban areas of the United States. Many of these health effects of ACEs were independent of those associated with contemporary socioeconomic and demographic characteristics. Although individuals in rural areas are less likely to experience ACEs, over half of rural respondents reported experiencing an ACE in childhood. Programs aimed at preventing ACEs, including child maltreatment, can benefit rural areas by reducing adult morbidity and increasing quality of life.
Prevention of ACE begins early in childhood and includes creating a safe and positive environment for rural children and families and a system that supports healthy families. Strengthening an early childhood system that is trauma-informed includes home visiting, child and adult mental health services, child welfare system, and others [21] . Rural providers can also play an important role, screening for ACEs and connecting families to social services through well-child visits [2] . In furthering rural research on ACEs, cohort studies that include rural populations can also better understand the association and development of adverse health outcomes due to ACEs. Additionally, interactions of ACEs with age and gender should be explored further to determine if there are differences in type and severity of health outcomes between younger and older and between male and female respondents.
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